Coronary artery dissection due to blunt chest trauma (traumatic coronary artery dissection [TCAD]) may heal spontaneously, and some surgeons believe that conservative or elective treatments are sufficient, provided that there are no progressing ischemic symptoms. However, we report a patient who experienced sudden ventricular fibrillation (VF) during initial medical care for trauma injuries. The 32-year-old woman was riding in a passenger car when an accident occurred, and was subsequently transported to our emergency department. Twelve-lead electrocardiography revealed ST segment elevation in leads II, III, and aVF, although her vital signs remained stable. Therefore, we prioritized assessing the trauma at other sites, and VF suddenly occurred. Coronary angiography was performed with repeated defibrillation and chest compressions, which resulted in recovery of spontaneous circulation. Occlusion was observed in the right coronary artery, which we treated with balloon angioplasty. However, intravascular ultrasonography (IVUS) subsequently revealed coronary artery dissection, a stent was placed, and the patient successfully recovered. Therefore, IVUS may be useful for diagnosing TCAD, and swift intervention is needed if TCAD is detected.
Introduction
Traumatic coronary artery dissection (TCAD) is a life-threatening condition that can result in acute myocardial infarction (AMI). However, there are several reports of spontaneous healing, and some surgeons believe that conservative treatment is sufficient. In this report, we describe a patient who developed sudden ventricular fibrillation (VF) during our initial examination and treatment of blunt chest trauma.
Case Report
A previously healthy 32-year-old woman was involved in a traffic accident while she was riding in the passenger seat of a sedan. During the accident, she was pushed against the guardrail, experienced blunt chest trauma, and was subsequently transferred to our emergency department within 30 min of the accident. She smoked 10 -15 cigarettes per day and had a family history of myocardial infarction (father), although there were no other risk factors for ischemic heart disease. At our examination, her Glasgow Coma Scale score was 14 (E3/V5/M6), her pulse was regular at 116/min, and her blood pressure was 130/104 mmHg. The patient had a laceration on her left forehead, and complained of pain extending from the left neck region to the left shoulder and upper left side of her back. We observed hypesthesia and motor paralysis of her left arm, which was later diagnosed as a left brachial plexus injury.
Chest radiography revealed fracture of the left acromion, dislocation of the left first rib, and tracheal deviation to the right, although there was no evidence of pulmonary congestion. Twelve-lead electrocardiography (ECG) revealed sinus tachycardia, with ST segment elevation in leads II, III, and aVF, with reciprocal ST segment depression in leads I, aVL, and V2-V6 (Figure 1 ). In addition, we observed hypokinesia of the inferior left ventricle wall via transthoracic ultrasonography. A hematoma on the left side of her neck became apparent, and as the patient developed inspiratory stridor (likely induced by the hematoma), we performed tracheal intubation. Furthermore, as the patient's circulatory status was relatively stable, computed tomography (CT) was performed at the beginning of the secondary survey.
Immediately after the brain CT, which revealed no evidence of intracranial injury, the patient suddenly developed VF. Although recovery of spontaneous circulation was achieved via defibrillation and chest compressions, recurrent episodes of VF were observed, which required coronary angiography (CAG) at 3 h after the accident. We observed that the most proximal portion of her right coronary artery (RCA) appeared to be dilated and aneurysmal, with complete occlusion at the distal end (Figure 2(a) ). However, the left coronary artery exhibited no evidence of either stenosis or atheromatous changes. Therefore, balloon angioplasty was performed, and complete patency of the RCA was restored at 4 h after the accident (Figure 2(b) ). As subsequent examination via intravascular ultrasonography (IVUS) revealed dissection of the RCA (Figure 3(a) ), we also performed stent placement, and subsequent IVUS no longer revealed a false lumen (Figure 3(b) ). As the patient was at a high risk of hemorrhage from the other injury sites, we did not administer anticoagulant therapy.
The patient's subsequent recovery was uneventful; she was extubated on day 8 and was transferred from the intensive care unit to the general ward on day 9 without any complaints of chest pain or dyspnea. A follow-up CAG on day 19 confirmed the absence of any signs of restenosis, and the patient was discharged without any neurological deficits on day 22.
Discussion
Unfortunately, TCAD is a life-threatening disease that can cause AMI or lead to sudden VF in some cases. Therefore, it is important that TCAD be recognized early, and that early intervention be administered. In these cases, IVUS is useful for determining that occlusion of the coronary artery is not simple thrombosis, but rather that it is caused by dissection.
Chest pain or ECG abnormalities are often used to identify TCAD, and there are several reports where the TCAD resulted in VF during the initial examination and treatment [1] - [4] . However, TCAD can occasionally be resolved via conservative treatment, or may spontaneously heal during follow-up observation, and it has been argued that aggressive early intervention is unnecessary unless there is ongoing myocardial ischemia, involvement of proximal left coronary artery, or involvement of a large area of the myocardium [5] - [7] . Unfortunately, once TCAD develops into VF, the likelihood of survival is very low [8] . Similarly, the early mortality rate for non-traumatic AMI is high, and the direct cause of death is often VF or pulseless ventricular tachycardia (VT) [9] . In these cases, early reperfusion therapy is thought to reduce the occurrence of VF or pulseless VT, and subsequently improve the survival rate [10] . The pathology of myocardial ischemia due to sudden occlusion of the coronary artery is the same, regardless of the causal injury, and early reperfusion therapy is considered very important, even in cases of AMI that was caused by TCAD [2] [11] . In addition, TCAD often occurs proximal to the left coronary artery [12] , which exposes a large section of the myocardium to ischemia. Furthermore, when TCAD causes sudden occlusion of the coronary artery in young people (who have not experienced ischemia), no collateral pathways exist in their hearts, which have not experienced ischemic preconditioning [13] . Therefore, in cases of TCAD in young patients, the immediate administration of reperfusion becomes even more critical. Although some cases have been alleviated via conservative therapy, there are also reported cases that followed a severe course, with outcomes that included heart failure, left ventricular aneurysm, systemic embolism from a left ventricular thrombus, or mechanical complications [14] [15]. These cases appear to indicate that myocardial necrosis is progressing as long as the coronary artery is occluded, even if spontaneous resolution is eventually observed. Therefore, early reperfusion is critical to preventing development into fatal arrhythmia, and can help to protect the myocardium, which can prevent severe pump failure or mechanical complications [8] [11] [16] [17] .
In the present case, IVUS was useful for diagnosing the TCAD (which facilitated the placement of a stent), as the occluded RCA precluded identification of the dissection via CAG. Among 77 cases of AMI that were caused by blunt chest trauma, one study has reported that CAG indicated occlusion in 56.6% of the cases, and only 15.8% of the cases were found to have dissection [12] . However, the shear force that is applied to the coronary artery wall via rapid deceleration can cause intimal tearing, whereas the generation of thrombosis has typically been considered the pathogenesis of occlusion [6] [17]- [19] . Therefore, in cases where CAG indicates simple occlusion, it is very possible that undetected intimal tearing may have occurred [18] [19] . When such intimal tearing exists, balloon angioplasty alone may allow a thrombus to re-form at that site [16] . Moreover, dissection may lead to expansion of the false lumen, which would preclude thrombolysis [4] [7] [17] . Therefore, it is important to differentiate between dissection and simple occlusion in cases of chest trauma, and IVUS appears to be useful for this differentiation.
Coronary artery injury should be suspected if there is chest pain that cannot be explained by musculoskeletal injury or any observed ischemic change in the ECG findings that might indicate specific involvement of the coronary artery region. However, initial examination and treatment of blunt trauma may also require the assessment and treatment of various other injuries. Therefore, the assessment of coronary artery injury may be postponed in cases with relatively stable vital signs. However, as in the present case, it is possible for sudden (and potentially fatal) arrhythmia to be caused by coronary artery injuries, including coronary artery dissection. Thus, we believe that assessment and resuscitation (reperfusion) should be performed during the primary survey if there is inexplicable chest pain or ischemic change in the ECG, as described above.
Conclusion
TCAD is a life-threatening disease that can cause AMI or lead to sudden VF in some cases. Therefore, early recognition and intervention is critical. It is also important to differentiate between simple thrombosis/occlusion and dissection of the coronary artery, and we believe that IVUS is useful for this differentiation.
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